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iv ABSTRACT USING AN AUDIENCE RESPONSE SYSTEM TO CALIBRATE DENTAL FACULTY ASSESSING STUDENT CLINCAL COMPETENCE Sean A. Aiken September 6, 2016 In order to best prepare students to become competent and confident practitioners in a clinical environment upon graduating dental school, it is imperative for them to receive consistent and productive feedback from the supervising faculty.
Through academic engagement, and more specifically faculty calibration, it may be possible to eliminate the disconnect that sometimes exists between faculty expectations and terminology, and those of the students. In terms of definitions, academic engagement reflects faculty scholarly development activities that support integration of relevant, current theory of best practices consistent with the school's mission, expected learner outcomes, and supporting strategies. [1] [2] [3] [4] [5] [6] 32 The difficulty lies in finding an effective, yet cost efficient way to conduct that faculty calibration and ensure that students are receiving consistent and reliable feedback in order to mold them into the most competent clinicians they are capable of becoming. It can be stated that professional faculty engagement is the cornerstone of providing consistent and calibrated clinical instruction to students for patient centered care learner outcomes. [7] [8] [9] [10] [11] A significant part of faculty engagement with professional students is to provide foundational knowledge, attitude and skills for both formative and summative assessment of competence. [12] [13] [14] [15] [16] [17] [18] We hypothesize that the introduction of faculty calibration to the clinical faculty will result in more consistent feedback, leading to more predictable results and ultimately more competent clinicians. This, in turn, will increase student perception of clinical faculty yielding an increase in the belief that they are receiving quality, accurate and consistent instruction. [24] [25] [26] [27] [28] [29] [30] INTRODUCTION A prominent goal of faculty scholarly development activities is to support integration of relevant, evidence-based best practices consistent with the school's mission, expected learner outcomes, and supporting strategies. [1] [2] [3] [4] [5] [6] Professional faculty engagement is the cornerstone of providing consistent and calibrated clinical instruction to students for patient centered care learner outcomes. [7] [8] [9] [10] [11] A significant part of faculty engagement with professional students is to provide foundational knowledge, attitude and skills for both formative and summative assessment of clinical competence. [12] [13] [14] [15] [16] [17] [18] The idea of faculty development or calibration is not a new concept. Many research projects have focused on ways to collectively centralize instructional information for improving student learning outcomes. However, missing from the current literature is a method for conducting calibration sessions that notes weaknesses where a consensus on terminology or concepts is lacking.
Two conceptual educational models help us understand how learning outcomes or objectives relate to learners' professional development as they move along the novice to expertise continuum. [19] [20] [21] [22] [23] It is imperative to understand these in order to truly appreciate the research being done. The first is found in Bloom's Taxonomy of Objectives in the Cognitive Domain (1956), which describes how learning objectives related to cognitive development increase in complexity as learners develop deeper understanding, start to apply this knowledge, and ultimately synthesize and evaluate what they have learned.
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While originally published in 1956, the inception of Bloom's Taxonomy was a landmark study in categorizing educational research following a series of conferences from 1949 to 1953, which were designed to improve communication between educators on the design of curricula and examinations. Essentially, the taxonomy divides the learning into three distinct domains. The cognitive domain, which is knowledge based, the affective domain, which is emotive based, and finally the psychomotor domain, which is action based, make up the three domains of learning according to the Taxonomy. "The authors of the revised taxonomy suggest a multi-layered answer to this question, to which the author of this teaching guide has added some clarifying points:
Objectives (learning goals) are important to establish in a pedagogical interchange so that teachers and students alike understand the purpose of that interchange.
2 Teachers can benefit from using frameworks to organize objectives because 3 Organizing objectives helps to clarify objectives for themselves and for students.
4
Having an organized set of objectives helps teachers to:
• "plan and deliver appropriate instruction";
• "design valid assessment tasks and strategies"; and
• "ensure that instruction and assessment are aligned with the objectives."
The professional learning environment that is dentistry, and the way in which our curriculum is structured, provides an excellent infrastructure in which to study conceptual knowledge, procedural knowledge, and meta-cognitive knowledge.
While the research on Bloom's Taxonomy and dental education could be discussed for many pages and countless hours, it may be useful to provide a general overview of the immediacy of importance that it plays in the research being done here at ULSD. The overarching message is simple, and enhancing student development is the end goal. The ability to navigate through the three domains of learning as described by
Bloom begins with the ability to effectively and efficiently establish a knowledge base (cognitive domain). The next step is in the transition from knowledge to intellectual commitment to that knowledge. This is emblematic of the Affective Domain, which we previously described as emotive based. If the information students are receiving in the Cognitive Domain is inconsistent and non-calibrated, the confidence in the student of the knowledge base they received in the Cognitive Domain is compromised. psychomotor skills and professional attitudes are synthesized and internalized into a seamless routine that can be carried out in different contexts. 22, 23 Across our dental school curricula, dental students are exposed to both preclinical and clinical operative dentistry courses where they receive formative instruction from various dental school faculty. The formative assessment of student performance on operative dentistry terminology, preparations and restorations begin in pre-clinical laboratory sessions through objective grading criteria used by faculty assigned to that course. While this method is perhaps the most efficient method possible in an academic setting, all clinical faculty are not awarded the opportunity to be assigned to the preclinical operative dentistry courses. By bringing calibration sessions to clinical faculty asked to grade operative procedures in the clinic, the gap can be closed between graders in appropriate operative dentistry terminology, preparation design and restoration design.
One novel technique to bring real-time calibration instruction to covering faculty is the use of an audience response system. The results from this system can help tailor continuing education topics in areas of weakness noted across the departmental faculty and operative competency examination graders. Additionally, the use of an audience response system could help to improve faculty calibration, clinical assessment and student perception in other areas of general dentistry instruction. It is imperative to understand the progression of learner outcomes through consistent objectives so that calibrated and realistic expectations of our dental student's clinical experiences are established. The progressive transformation of novice provider to competent clinician must include calibrated faculty assessment to ensure a deeper understanding of the knowledge, attitude and skills needed for patient centered care.
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The purpose of this research project was to calibrate departmental faculty and competency graders' knowledge base in operative dentistry terminology and concepts while providing clinical instruction. By using an audience response system, facilitators are provided with immediate feedback in order to stimulate conversation amongst faculty instructors and competency graders. These discussions may help to further solidify the process and equilibration of clinical opinions amongst faculty. Additionally, these calibration sessions may allow a more calibrated grading assessment during
METHODS

Sample
This study was approved by the University of Louisville Institutional Review Board (IRB) and determined to be exempt as human subjects research: IRB Tracking # 14.1003. The convenience sample used for this study included all general dentistry departmental faculty (part-time and full-time) assigned to pre-clinical and clinic formative instruction in operative dentistry (n=43). From within this sample, operative dentistry competency graders assigned to summative competency assessments received additional sessions (n=10). An interrater reliability analysis using the Kappa statistic was performed to determine consistency among raters as compared to the Director of Clinical Operative Dentistry (n=25). A convenience sample of D3 and D4 dental students was used to provide perception of faculty calibration across 12 months of implementation (n=100). During the competency grader calibration sessions, all designated competency grading faculty (n=10) within the department of general dentistry performing summative assessments were assigned a specific i<clicker to be used across all sessions.
Participants
The same process was followed as described for departmental faculty. However, these questions were more specific and focused than the questions used during departmental calibration sessions. Question topics included clinical applications of direct restorative materials, dental material properties, pulpal protection, preparation design/ terminology, restoration design and the paperwork associated with operative competency examinations. A sample question for pulpal protection was as follows: 9 The primary reason for using calcium hydroxide as an indirect pulp cap is to 
Student Participants
One hundred and thirty dental students (n=130) in active clinical care voluntarily completed a questionnaire to evaluate student perception of faculty calibration on operative dentistry concepts. A 10 question Likert scale pre-calibration and postcalibration questionnaire was administered anonymously via audience response system to evaluate student perception of instructional consistency within daily formative (questions 1-5) and summative competency assessments (questions 6-10). The ten questions used for the student questionnaire are located in Thus, if Mauchly's Test of Sphericity is statistically significant (p < .05), the null hypothesis can be rejected and the alternative hypothesis is accepted that the variances of the differences are not equal (i.e., sphericity has been violated). A test of the main effect using the Bonferroni correction was performed. Bonferroni correction is a method used to counteract the problem of multiple comparisons and to control the familywise error rate. 25 Interrater Reliability
Pre and post-calibration data was recorded for both department and competency clinical sessions. The raw data was imported in SPSS to determine interrater reliability using the Kappa statistic to determine consistency among raters.
Interrater reliability analysis aims to determine how much of the variance in the observed scores is due to variance in the true scores after the variance due to measurement error between coders has been removed. For example, an interrater reliability estimate of 0.80 would indicate that 80% of the observed variance is due to true score variance or similarity in ratings between coders, and 20% is due to error variance or differences in ratings between coders. Interrater reliability is not an inferential statistic and therefore can't test a null hypothesis. For categorical data, this may be expressed as the number of agreements in observations divided by the total number of observations. The pre and post calibration data was recorded by two independent raters as superior (3), acceptable (2) or unacceptable (0) on twelve areas of an operative dentistry procedure with the max grade being 36. An interrater reliability analysis using the Kappa statistic was performed to determine consistency among raters with a significant level set as p<0.05. A statistical measure of interrater reliability is SPSS as 1= strongly disagree, 2= disagree, 3= neutral, 4= agree and 5= strongly agree.
Therefore, a higher number was associated with a more positive student perception of faculty calibrated instruction. Content validity was ensured by 100% agreeance within the authorship that the construct of student perception was measured. A dependent paired samples t-test was used to compare the mean pre and post calibration scores for each question with significance level set as p<0.
05. The open-ended question was reviewed and themes were hand coded for both pre-calibration and post-calibration surveys.
Null Hypotheses Tested
• Null Hypothesis RQ 1: There will be no difference in session scores regardless of quarter reported.
• Null Hypothesis RQ 3: There will be no difference in student perception of faculty calibration regardless of calibration training.
RESULTS
Departmental Calibration Sessions
Descriptive Statistics: There is a general trend in increasing faculty departmental grader i<clicker calibration scores across the quarterly calibration sessions ( Table 1 ). Based on the findings of a significant main effect for departmental calibration training, a pairwise comparison was performed using the Bonferroni correction to control type I error rates. It was determined that all quarters (1-4) were statistically significantly different (p< 0.05) from one another. Different lower case letters in Table 1 represent statistically significant differences in mean scores. There was a statistically significant increase in i<clicker departmental calibration scores at each quarterly training 14 session. The null hypothesis for research question 1 can be rejected: There is a difference in sessional scores across all quarters reported.
Competency Grader Calibration Sessions
Descriptive Statistics: There is a general trend in increasing faculty competency grader i<clicker calibration scores across the quarterly calibration sessions that appears linear in nature ( Table 2 Based on the findings of a significant main effect for grader calibration training, a pairwise comparison was performed using the Bonferroni correction to control type I error rates. It was determined that all quarters (1-4) were statistically significantly different (p< 0.05) from one another. Different lower case letters in Table 2 represent statistically significant difference in mean scores. There was a statistically significant increase in i<clicker competency grader calibration scores at each quarterly training session. The null hypothesis for research question 1 can be rejected. There is a difference in sessional scores across all quarters reported.
Interrater Reliability
The interrater reliability analysis was assessed using the Kappa statistic (Tables 3   and 4 (Table 4 ). There were nine outstanding, one substantial, zero moderate, zero fair and zero poor agreement(s). The general trend in data shows improvement of interrater reliability of the competency grading faculty across 12 months of calibration implementation.
Student Perception Questionnaires
Descriptive Statistics: The paired samples statistics are presented as individual item level means ± standard deviations (Table 5) . One hundred and thirty (n=130) dental students participated in the pre-calibration Likert scale questionnaire. One hundred (n=100) of the same dental students participated in post-calibration Likert scale questionnaire as tracked by the i<clicker software. Only the students participating in both sessions were used in this comparison. The pre-calibration individual question Likert mean scores were paired with the same post-calibration individual question Likert mean scores anonymously using i<clicker registration numbers. The general trend in the pre questions for both formative daily assessments and competency assessments were that the student perception was poor for clinical operative dentistry experiences.
Although the pre questions for the competency grading experience were slightly higher than the daily experiences, all are below neutral perception. The general trend shows that all of the post questions showed improvement in student perception across 12 months of implementation. Psychometric evaluation to the reliability of the instrument using Cronbach's Alpha coefficient determined moderate level of internal consistency for the scale used measuring the construct of student perception (0.683).
Inferential Table 5 represent a statistically significant difference in mean scores. Likert scale responses were coded in SPSS as 1= strongly disagree, 2= disagree, 3= neutral, 4= agree and 5= strongly agree. Therefore, a higher number was associated with a more positive student perception of faculty calibrated instruction. The results indicate a more positive perception of faculty calibration instruction for clinical operative dentistry instruction by dental students in current active patient care after 12 months of i<clicker faculty calibration training. The null hypothesis for research question 3 can be rejected. There was a significant increase in student perception following 1 year of calibration sessions.
Open-Ended Questions
Of the 100 surveys responded to, there were 22 pre-calibration comments and 41 post-calibration comments. Qualitative analysis of the 22 pre-calibration comments determined the following words were used most frequent: delayed, confused, unsure, poor instruction and wrong materials. Qualitative analysis of the 41 post-calibration comments determined the following words were most frequent: thanks, efficient, better, consistent, correct sequence and correct materials. Specific comments will be addressed in the discussion section.
DISCUSSION
The results from this study have shown not only an increase in calibration scores at each session from the initial baseline, but a significant increase across twelve months of implementation. The use of the audience response system to engage faculty in realtime discussions of operative dentistry terminology and concepts was shown to be effective in facilitating a discussion forum, calibrating clinical assessment and improving student perception of instruction. Similarly, previously published literature has shown improvement in understanding various dental concepts after some form of calibration discussions. [28] [29] [30] [31] Professional faculty engagement through calibration gatherings forced open forum discussions of terminology and concepts that were historically misused or erroneous. Areas of confusion were lessened at each progressive gathering as all faculty started using similar language for instruction. The essence of faculty engagement with professional students is to provide foundational knowledge, attitude and skills for both formative and summative assessment of competence.
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The results of this study show a significant increase in both departmental and competency grader faculty recognition and use of operative dentistry terminology and concepts in a discussion forum.
The results for the interrater reliability showed an increase in both formative and Just as important, dental student perception to the quality of instruction being received is paramount to their foundational knowledge, attitude and skills. [5] [6] [7] Realistic objectives imposed on dental students must be consistent throughout their curricular instruction for them to successfully transition from a fledgling student to a competent health care provider.
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The results from the study show a significant increase in positive student perception to the consistency of the instruction received in operative dentistry for both formative and summative assessment. All ten Likert scale questions were evaluated at the pre-calibration level and twelve months after its implementation (post-calibration). All ten Likert scale responses were significantly more positive following implementation of faculty calibration. This information suggests that the inconsistency in operative dentistry instruction was not limited to a few faculty but woven throughout the department. For students to adequately provide an accurate selfassessment of their performance, a consistent instruction is paramount to improve perception of learning needs, promote change in learning activity, and improve clinical practice and patient outcomes. 32 Some of the pre-calibration survey comments were:
• "Dr. ___ send me to the window for Durelon (zinc phosphate cement) to place a base in my class II preparation. We don't use that material or place bases at the dental school."
• "Dr. ___ told me that there is no retention needed for a class III resin composite when you have clearly taught us that it does."
• "My group manger keeps referring to Dycal (calcium hydroxide) as a base when you taught us that it is too brittle to be a base."
• "Dr. ___ does not understand the application of Hibiclens (chlorhexidine gluconate) in the sequence of restoration placement. He says you do it before removing the smear layer!!!!!" the best material for all restorations."
• "I was told by a covering faculty that pin placement for retention is malpractice and should be banned from dental education."
• "Dr. _ told me that resin-modified glass ionomer (Fuji II LC) can be used for all restorations, even under significant occlusal load."
• "According to Dr. _, rubber damn placement is not necessary in the real world as it slows you down."
• "Drs. _ and _ are seriously confused when it comes to qualifying operative lesions for a class II competency. One said yes and the other said no! Me and my patient were both confused."
From these comments, a clear vision can be acquired to the problem that existed amongst clinical instruction of our students. A major obstacle was to remove personal opinion from the covering faculty minds and replace it with evidence-based teaching protocol from quality peerreviewed publications during calibration. Henzi et al. (2006) found that this student perception of inconsistency in instruction occurs across the nation and posit that calibration is crucial for success. 33 Some of the post-calibration survey comments were:
• "I feel like the instructors I work with now understand the concepts taught in our operative dentistry curriculum. Dr. ___, thanks for teaching the faculty to be consistent during clinic time. It makes the appointment run smoothly and I feel like I am actually learning something."
• "There has been a significant improvement in the understanding of the materials used at the school for operative dentistry."
• "It helps so much that the instructors get the same information as we do."
• "I no longer feel apprehensive asking for material at the window because the instructors know what we use."
• "During operative competency examinations, the faculty are more in sync with qualifying lesions clinically and radiographically."
• "All faculty using the same terminology for preparation modifications helps competency examinations run smoothly and efficiently."
From these comments, operative dentistry calibration is now more positively perceived by the students in a providing them a consistent clinical experience.
It is possible that other confounding variables could be the reason for the results obtained in this study. To eliminate as many confounding variables as possible, the calibration sessions were all held in the same classroom at the same time of the day with the same instructor. However, the faculty were not blinded to the study and could have memorized the concepts while not fully understanding them. The faculty could also have consulted a neighbor for the answer without fully understanding key principles. During the interrater reliability evaluations, the faculty could purposefully have decided to grade more like the director that day. The students could have over self-reported their perception of instructional consistency trying to please the faculty.
These and many more biases could have occurred but all attempts were made to adequately control the study. Statistically, type I errors were controlled for using Bonferroni correction and tested assumptions during the One-Factor ANOVA comparing session scores. The clinical implications of the sessions were evaluated with interrater reliability using the Director of Clinical Operative Dentistry for comparison. Additionally, the internal reliability and content validity of the Likert scale student questionnaire were evaluated in measuring the construct of student perception.
As reported in current literature, 5, 7, 11, 15 the elimination of counter-teaching and/or misusing terminology and conceptualization has shown improve deep understanding. Our initial results using an audience response system have shown promising results as well. Professional faculty engagement through real-time interactions has appeared to be beneficial in calibrating faculty members both in a discussion forum and in clinical instruction. [13] [14] [15] [16] [17] In turn, student perception was shown to become more positive towards reception of clinical instruction. With the results from this study, a continued quarterly training program will be a vital part of professional
CONCLUSION
The implementation of an audience response system for calibrating both departmental and competency graders in operative dentistry terminology and concepts has shown to be effective across twelve months of training. Clinical interrater reliability has been shown to improve for both formative and summative clinical competency assessments. Additionally, student perception to the quality and consistency of operative dentistry clinical instruction was shown to become more positive across twelve months of training. It is paramount that all dental schools continue to provide a trackable, vested and profound professional development program to ensure consistent instruction for assessing dental student competence. 
